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(54) [ Title of the Invention ] Gallium Nitride-based Compound 

Semiconductor Element 

(57) [ Summary ] 

[ Object ] Migration tends to occur in metals having high light reflection efficiency when 
these metals are used for the positive electrodes of flip-chip gaUium riitride- based 
compoiind semiconductor elements, making some of the metals unsuitable as electrode 
materials. 

[ Means of Achievement ] An electrode contiguous to a contact layer is formed from a 
first metal layer composed of silver (Ag) or the like contiguous to the contact layer on the 
side of a p-type semiconductor, and a second metal layer for covering the surface of the 
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first metal layer and the surface of the contact layer not covered by the first metal layer. 
The contact resistance of the second metal layer with respect to the contact layer per unit 
surface area is set higher than the same value for the first metal layer. Bonding strength 
with respect to the contact layer is increased by adopting a multilayer structure composed 
of a plurality of meta) types for the first or second metal layer. These measures yield a 
long-lasting Ught-emitting element whose electrodes reflect light with high ejRBciency. 



(Insert drawing here) 



[ Claims ] 

[ Claim 1 1 A flip-chip light-emitting element, obtained by stacking layers composed of 
gallium nitride-based compound semiconductors on a substrate, wherein said gallium 
nitride-based compound semiconductor element is characterized in that 

an electrode contiguous to a contact layer is formed from a first metal layer 
contiguous to the contact layer on the side of a p-type semiconductor, and a second m etal 
layer for covering at least the side surfaces of the first metal layer and the surface of the 
contact layer not covered by the first metal layer. 

1 Claim 2 J A gallium nitride-based compotmd semiconductor element as defined in 
Claim 1, characterized in that the contact resistance of the second metal layer with 
respect to the contact layer per unit surface area is set higher than the contact resistance 
of the furst metal layer with respect to the contact layer per unit surface area. 
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[ Claiin 3 ] A gallium nitride-ba$ed compoxind semiconductor element as defined in 
Claim 1 or 2, characterized in that the first or second metal layer is fashioned as a 
multilayer structure from a plurality of metal types. 

[ Claim 4 ] A gallium nitride-based compound semiconductor element as defined in any 
of Claims 1 to 3, characterized in that the first metal Jayer is composed of silver (Ag). 

[ Claim 5 ] A gallium, nitride-based compound semiconductor element as defined in any 
of Claims 1 to 4, characterized in that the second metal layer is composed of vanadium 
(V) and aluminum (Al), or titanium (Ti) and gold (Au), 

[ Detailed Description of the Invention ] 
[ 0001 I 

[ Technological Field of the Invention ] The present invention relates to a flip-chip light- 
emitting element obtained by stacking layers composed of gallium nitride-based 
compotand semiconductors on a substrate. 

I 0002 1 

[ Prior Art 1 Fig. 3 is a cross section of a flip-chip light-emitting element 300 based on 
the conventional technology disclosed in JP (Kokai) 6-120562, 301 is a sapphire 
substrate, 302 an n-type GaN layer, 303 a p-typc GaN layer^ 304 a positive electrode, and 
305 a negative electrode. In tliis flip-chip light-emitting element, the positive 
electrode 304 is made comparati vely big because light generated at the interface between 
the n-type GaN layer 302 and the p-type GaN layer 303 is reflected by the positive 
electrode 304 on the p-type GaN layer 303 and viewed through the sapphire 
substrate 301 . Altmiinum. (Al) and otlier metals having high light reflection efficiency 
are used to fonn the metal layers of the positive electrode 304 formed on the p-type GaN 
layer 303. Migration tends to occur when aluminum and other metals having high 
reflection efiiciency are used in the fonnation of such electrodes, 

[ 0003 I 

[ Problems Which the Invention Is Intended to Solve ] When migration occurs in the 
metal constituting the positive electrode 304 m this manner, tlie metal making up the 
positive electrode 304 is attracted as ions by the negative electrode 305, bringing about 
the following two undesirable changes: (1) reduced emission intensity resulting fi-om 
disturbance in the electrode layers, and (2) short circuiting and shorter life due to 
migration in the positive electrode 304 and n-type GaN layer 302. It has therefore been 
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proposed to delay short circuiting and thus to extend service life by increasing the 
distance D between the p-type GaN layer 303 and the positive electrode 304 formed on 
the p-type GaN layer 303, as shown, for example, in Fig. 3. In a flip-chip light-emitting 
element, however, the size of the positive electrode 304 disposed on tlie p-type GaN 
layer 303 is equal to the light-emitting surface area (as described above):, so increasing 
the distance D will increase chip dimensions and reduce production efficiency if the size 
of the positive electrode is preserved unchanged. Reducing die size of the positive 
electrode increases the amount of light leaking tlirough the gap D between the electrode 
and the p-type GaN layer 303, resulting in lower liglit reflection efficiency and luminous 
efficiency. In addition, emission intensity cannot be prevented from being reduced by the 
disturbance in tlie electrode layer. 

[ 0004 ) An object of the present invention, which was perfected in order to address the 
above-described problems, is to provide a long-lasting gallium uitride-based compound 
semiconductor element having high emission intensity. 

[ 0005 ] 

[ Means Used to Solve the Above-Mentioned Problems ] A first means for addressing 
the above-described problems resides in a flip-chip light-emitting element obtained by 
stacking layers composed of gallium nitride-based compound semiconductors on a 
substrate, wherein an electrode contiguous to a contact layer is formed from a first metal 
layer contiguous to tlie contact layer on tlie side of a p-type semiconductor, and a second 
metal layer for coveting at least the side surfaces of the first metal layer and the surface 
of the contact layer not covered by the first metal layer. The second metal layer may 
cover the peripheral portion of the surface of the first metal layer and the exposed portion 
of the contact layer, or it may cover the entire surface of the first metal layer and the 
exposed portion of the contact layer. A second means is a modification of the first means 
in that the contact resistance of the second metal layer with respect to the contact layer 
per unit surface area is set higher than the same value for the first metal layer. A third 
means is a modification of the first or second means in that the first or second metal layer 
is fashioned as a multilayer structure from a plurality of metal types. A fourth means is a 
modification of any of the first to third means in that the fijst metal layer is composed of 
silver (Ag). A fifth means is a modification of any of the first to fourth means in that the 
second metal layer is composed of vanadium (V) and aluminum (Al), or titanium (Ti) and 
gold (Au). These means allow the above-described shortcomings to be overcome. 
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[ 0006 ] 

I Operation and Merits of the Invention ] Fig. 1 is a cross section of a flip-chip light- 
emitting element 1 00 obtained in accordance with the present invention by using silver 
(Ag) for the first metal layer 1 08. In the element 1 00, migration is prevented by coating 
the first metal layer 108 with a second metal layer 1 10. The life of the element 100 is 
thereby extended. In addition, the absence of migration in the element 100 allows 
width D to be reduced and the first metal layer 108 to be widened, making it possible to 
spread the metal with high light reflection eflBciency over a proportionately wider surface 
area of the first metal layer 108. Emission intensity can thereby be improved. Another 
feature of the element 100 is that light is reflected by the second metal layer 110 even in 
the portion corresponding to width D, minimizing the leakage of light through a contact 
layer 107 and resulting in even higher emission intensity. Another feature of the 
element 1 07 is that the contact resistance of the second metal layer 110 with respect to 
the contact layer 107 in the portion corresponding to width D is greater than the contact 
resistance of the first metal layer 108 with respect to tlie contact layer 107, minimizing 
the flow of electric current through the portion corresponding to width D and causing the 
current to flow through the surface of contact between the contact layer 107 and the metal 
layer 108. Light is therefore emitted by the active layer lying immediately above the 
metal layer 108 (which is obtained by spreading a metal with high light reflection 
efficiency over a wide surface area), and emission intensity is thereby improved. 
Because the portion corresponding to width D in the element 100 is narrow, considerable 
bonding strength is needed during the bonding of the contact layer 107 and the second 
metal layer 1 10, and such bonding strength can be achieved by configuring the second 
metal layer 1 10 as a multilayer structure in the manner shown in Fig. 1. The element 100 
can thus be fabricated as a migration-free, Jong-lasting element. In addition, the second 
metal layer 1 10 acts to prevent the first metal layer 108 from being contaminated with 
oxygen or moisture, and protects the first metal layer 108 from corrosion. 

[ 0007 J 

[ Embodiments of the Invention ] The present invention will now be described based on 
specific working examples. Fig. 1 is a cross section of a flip-chip light-emitting 
element 1 00 obtained in accordance with the present mvention by using silver (Ag) for 
the first metal layer. 101 is a sapphire substrate, 102 an AIN buffer layer, 103ann-type 
GaN layer, 104 an n-type GaN cladding layer, 105 an active layer, 106 a p-type AlGaN 
cladding layer, 107 a p-type GaN contact layer, and 108 a first metal layer constituting 
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part of a positive electrode and consisting of silver (Ag). 1 09 is a negative electrode, and 
1 10 is a second metal layer constituting part of the positive electrode. In other words, the 
second metal layer 1 10 comprises a metal layer 1 1 1 consisting of vanadium (V), and a 
metal layer 1 12 consisting of aluminum (Al), and is in contact with the contact layer 1 07 
over a distance D sufficient to provide adequate bonding strength. Because the first 
metal layer is obtained using silver (Ag) (which is commonly dispensed with when 
members constituting conventional flip-chip positive electrodes are fomied), low contact 
resistance is obtained with respect to the contact layer 107, and light is reflected upward 
m Fig. 1 with exceptional efficiency, providing the element 100 with remarkable features 
in terms of emission intensity. In the above-described working example^ in which the 
first metal layer 108 is obtained using silver (Ag), about 200 A to 1 p.m is considered to 
be the best range for the thickness of the first metal l ayer 108. A thinner layer reflects 
light with less efficiency, and a thicker layer makes it more difficult to completely cover 
the side surfaces of the first metal layer 1 08 with the second metal layer 1 1 0, and is 
undesirable in tenns of manufacturing costs. 

[ 0008 ] Fig. 2 is a cross section of a flip-chip light-emitting element 200 obtained in 
accordance with the present invention by adopting a multilayer structure for the first 
metal layer as well. 201 is a sapphire substrate, 202 an AIN buffer layer, 203 an n-type 
GaN layer, 204 a p-type GaN cladding layer, 205 an active layer, 206 a p-type AlGaN 
cladding layer, 207 a p-type GaN contact layer, and 208 a first metal layer constituting 
part of a positive electrode and having a multilayer structure that comprises a silver (Ag) 
layer 208A with a thickness of 3000 A, a nickel (Ni) layer 208 B with a thickness of 
1000 A, and a titanium (Ti) layer 208 C writh a thickness of 1000 A. 209 is a negative 
electrode, and 210 is a second metal layer constituting part of a positive electrode. 
Specifically, the second metal layer 210 comprises a metal layer 21 1 consisting of 
titanium (Ti) and having a thickness of 1000 A, and a metal layer 212 consisting of gold 
(Au) and having a tinckoess of 1 ,5 |jun. The second metal layer is in contact with the 
contact layer 207 across a distance D sufficient to achieve adequate bonding strength. 
Tlie element 200 has excellent features in the sense that low contact resistance is obtained 
with respect to the contact layer 207 because the first metal layer is configured as a 
multilayer structure comprising a silver (Ag) layer 208 A with a thickness of 3000 A, a 
nickel (Ni) layer 208B with a thickness of 1 000 A, and a titanium (Ti) layer 208C with a 
thickness of 1000 A, and that strong bonding is achieved between the first and second 
metal layers because the first metal layer 208C and the second metal layer 21 1 are 
formed from the same metal. 
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[ 0009 ] In the above-described working examples, silver (Ag) v^as used to form the 
metal layer in contact with the contact layer surface of the first metal layer, but the m etal 
used for this layer may also be nickel (Ni), cobalt (Co), gold (Au), platinum (Pt), or an 
alloy thereof. In addition, vanadium (V) and titanium (Ti) were used for the metal layers 
in contact with the contact layer surface of tlie second metal layer in the above-described 
working examples, but the metals used for these layers may also be chromium (Cr), 
niobium (Nb), zinc (Zn) tantalum (Ta), molybdenum (Mo), tungsten (W), hafnium (Hf), 
and alloys thereof The metals are commonly the same as those used for the negative 
electrodes (109, 209) mounted on the n-type GaN layers (103, 203). Another feature of 
the above-described working examples was that the second metal layer completely 
covered the first metal layer, Altemati vely^ the second metal layer may cover the first 
metal layer only partially. At the minimum, the side surfaces of the first metal layer 
should be covered, as should the bottom, surface of the contact layer not covered by the 
first metal layer, 

[ Brief Description of the Figures ] 

[ Figure I ] A cross section of a flip-chip light-emitting element obtained in accordance 

v^th the present invention by using silver (Ag) for the first metal layer. 

[ Figure 2 ] A cross section of a flip-chip light-emitting element obtained in accordance 

with the present invention by adopting a multilayer structure for the first metal layer as 

well. 

[ Figure 3 ] A cross section of a flip-cliip light-emitting element obtained in accordance 
vrith a conventional techjnique by using silver (Ag) for the first metal layer. 

[Key] 

101, 201, 301: sapphire substrates; 102, 202; AIN buffer layers; 103, 203, 
302; n-type GaN layers; 104, 204: n-type GaN cladding layers; 105, 205: active layers; 
106, 206: p-type AlGaN cladding layers; 107, 207: p-type GaN contact layers; 108, 
208: first metal layers constituting part of positive electrode; 303: p-type GaN layer; 
304: positive electrode; 109, 209, 305: negative electrodes; 1 10, 210: second metal layers 
constituting part of posi tive electrode 
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[ Figure 1 ] 



[ Figure 2 ] 
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I Figure 3 J 
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